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To  the  Prefxdent , Council , and  Fellows 
of  the  Royal  Society  of  London , for 
the  improving  of  Natural  Knowledge . 


Gentlemen, 

IF  the  following  Treatife  may 
anfwer  the  Purpofe  of  extending 
ufeful  Knowledge,  or  clearing  up  any 
doubt,  as  to  the  true  operation  of 
Mechanical  Powers,  the  Approbation 

of 
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of  your  learned  Body  will  be  its  belt 
recommendation  to  the  perufal  of 
thofe  for  whofe  Ule  it  is  intended;  it 
is  therefore  refpeftfully  fubmitted  to 
your  determination  by 

'V.T  V.  . ‘ ' r . ■ - - • . ^ 

Your  Obedient, 

Humble  Servant, 


THE  AUTHOR. 


ADVERTISEMENT. 


Independently  of  the  Satu/aaion 

arifing  from  the  invefiigation  of  abJlraU 
Truth,  the  utility  of  duly  underflanding  -what- 
ever relates  to  the  Subjell  of  the  following 
Pages,  mu/1  be  acknowledged  by  all  who  con- 
Jider  the  general  application  of  Machinery 
to  almojl  every  branch  of  our  Manufadories, 
to  be  both  expedient  and  necejfary  ; expedient, 
as  much  cheaper  than  manual  labour , and 
necejfary,  as  manual  labour  is  inadequate  in 
many  cafes  to  the  Fabrication,  and  in  others 
to  the  demand  of  our  ManufaElurcs. 
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The 


ADVERTISEMENT. 


The  very  refpe&.able  authorities  to  -which 
the  Author  jound  he  had  to  oppofe  his  Opini- 
ons in  fevcral  parts  of  this  Enquiry,  for 
fome  time  prevented  his  publifliing  them  ; but 
having  been  juccefsfid  in  the  application  of 
thofe  of  his  Principles  which  he  has  reduced 
to  Practice,  and  his  Treatife  on  Wheel  Car- 
riages having  met  with  a favourable  recep- 
tion, he  is  induced  to  lay  them  before  the 
Public. 
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AN  ENQUIRY,  See. 

SECTION.  I. 


Of  the  Defeent  of  Heavy  Bodies  near  the 
Surface  of  the  Earth . 


JLXPERIMENTS  have  difeovered,  that 
a heavy  body,  near  the  furface  of  the  earth, 
will  fall  in  one  fecond  of  time  through 
16  ft.  2 in.  of  void  fpace,  and  that  this  velo- 
city conlbntly  accelerates  in  the  ratio  of  the 
fquaresof  the  times  in  which  die  body  falls: 
from  which  we  may  determine,  that  in  two 


feconds  it  will  be  carried  through  a fall  of 
64  ft.  8 in.  or  4 (fquare  of  2)  times  36  ft.  2 in. 
in  3 feconds  through  143  ft.  6 in.  which  is  g 
(fquare  of  3)  times  16  ft.  2 in.  and  fo  on,  in- 
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creating  as  the  odd  numbers  1,  3,  5,7,  g}  &Cm 
For  if  it  fell  through  one  given  fpace  in  a certain 
time,  in  the  next  equal  time  it  would  fall 
through  three  fuch  fpaces;  which  added 
to  1 is  4,  (the  fquare  of  2);  in  the  3d  equal 
time  it  would  go  through  5,  which  added  to 
what  it  went  before,  is  9 (the  fquare  of  3) 
and  fo  on. — And  the  reafon  of  this  pro- 
portion  in  the  acceleration  will  be  evident, 
if  we  confider  that  a body  firfl  yielding  to 
the  a&ion  of  gravity,  begins  to  fall  with  a 
motion,  the  fmalleft  pofiible;  but  by  the  con- 
tinuation of  that  aflion  upon  it,  its  motion 
• 

is  conflantly  and  regularly  increafed,  till  we 
fuppofe  it  arrived  to  a certain  place  in  a 
correfpondent  time,  both  which  fpace  and 
time  we  will  denote  by  the  number  1. — 
Now  as  it  began  it’s  fall  (from  a hate  of 
reh,)  with  the  leah  motion  pofiible,  which 
was  uniformly  increafed  by  the  aflion  of 
gravity,  a medium  of  the  degree  of  motion 

it 
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it  had  in  falling  would  carry  it  equably 
through  the  fame  fpace,  in  the  fame  time, 
if  the  caufe  of  the  firft  motion  ceafed  to 
aft  on,  and  accelerate  it; — the  motion  there- 
fore it  has  acquired  at  it’s  arrival  at  this 
place  mull  be  double  the  medium  of  that 
aftingon  it  in  it’s  fall;  confequently,  in 
the  fame  time  would  carry  it  through  dou- 
ble the  fpace,  without  the  caufe  continu- 
ing to  a6t  on  it;  but  as  that  caufe,  when 
it  does  aft,  is  fufficient  to  carry  it  through 
the  fame  fpace  in  the  fecond  given  time 
as  in  the  firlt,  that  1 added  to  2 (the  in- 
dependent motion  it  acquired  by  the  HrfL 
time’s  fall,)  makes  3,  and  this  added  to  the 
1 it  fell  in  the  firlt  time,  makes  4 (fquare 
ot  2 as  before). — When  it  arrives  here, 
1 fa  m e reafoning  acquired  an 
independent  motion  of  8,  in  2 times,  which 
is  4 in  1,  and  that  added  to  1,  which  it  falls 
by  the  aftion  of  gravity  in  each  time  makes 
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5,  which  added  to  4 it  has  fallen  in  the  pre- 
ceding times,  makes  9,  the  fquare  of  3 

Therefore  at  every  period  the  independent 
moiion  acquired  by  the  falling  body  is  in 
geometrical  proportion  to  the  times,  and 
double  the  fquare  root  of  the  diftance  fall- 
en through,  agreeably  to  the  table  below. 

If  the  firft  time  be  fixed  to  a quarter  of 
a fecond,  the  body  will  fall  in  the  following 
progrelfion. 


TABLE. 


Times. 

Fall  in  each 
Time. 

Fall  at  the  dif- 
ferent Periods. 

Independent 
Fall  acquired. 

lft  — | of  fee. 

*d 

3d  — k 
4th  — | 

F.  1. 

^ i 

3 i 

— 5 ! 

7 i 

F.  I. 

1 1 

4 T 

9 1 

— 16  V 

F.  I . 

2 f 

4 T 

6 f 

8 l 

N.  B.  The  laft  column  {hews  the  a&ual  and  indepen- 
dent velocity  the  body  has  acquired  at  the  end  of  each 
term ; which  is  what  it  would  continue  to  move  with  per 
1 fecond,  if  the  attion  of  gravity  were  removed.  So  that 
a body  having  fallen  through  16  ft.  2 in.  in  one  fecond,  it 
would  acquire  a velocity  of  32  ft,  4 in.  per  fecond,  inde- 
pendent. 


Thus, 
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Thus  it  is  demonftrable,  that  if  a number 
of  balls  of  any  weighty  matter  were  placed 
on  the  wall  of  a tower,  or  other  eminence, 
and  were  to  be  pulhed  forward  in  fuch  a 
manner  that  they  fliould  fucceffively  fall,  as 
faft  as  one  gave  place  to  the  other,  yet 
would  they  run  from  each  other,  as  defcnb- 
ed  by  plate  1.  fig.  1.  For  if  the  ball  (a) 
were  to  fall  to  b,  and  then  another  took  it's 
place; — while  this  lall  was  falling  through 
the  fir  It  fpace,  the  firfl  ball  would  reach  to 
c,  and  fo  fuccelfively  tod,  f,  & c. 
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SECTION  II. 


Of  the  Defcent  of  Water,  and  the  effect  of 
it  s paffmg  through  Tubes,  and  other  VeffcLs . 

Water,  like  other  heavy  bodies,  would 

obferve  the  fame  rules  in  open  fpace ; and 
therefore  if  it  be  poured  from  an  eminence, 
though  the  ftream  may  be  continued  from 
the  veffel,  yet  woujd  it  not  remain  fo  dur- 
ing its  fall,  but  the  firfl  efcaping,  would 
fall  away  from  the  Iaft,  and  increafe  in  dis- 
tance from  it  till  it  reached  the  end  of  the  fall. 
The  reafon  why  it  fhould  be  otherwife, 
when  confined,  and  falling  through  a tube 
fuch  as  plate  1.  fig.  2d.  will  arife  from  the 
following  confideration  ; that,  although  by 
filling  the  refervoir  on  the  top,  and  the  water 
falling  into  the  tube,  it’s  parts  would  have  a 
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tendency  to  divide,  and  have  feparate  mo- 
tions, according  to  their  fucceflive  times  of 
begining  their  falls;  yet  if  the  tube  be  regu- 
lar, and  equal  in  it’s  bore,  no  portion  of  the 
column  of  fluid  can  go  fafter  than  another; 
becaufe  the  prefliire  of  the  furrounding  at- 
mofphere  would  keep  it  together,  and  not 
fufier  by  it’s  divifion  a vacuum  between  its 
parts: -therefore  in  fuch  a cafe,  inftead  of 
falling  out  of  the  lower  end  of  thetube,  with 
a velocity  fufficient  by  an  equable  motion  (if 
gravity  were  fufpended)  to  carry  it,  through 
a fpace  double  the  height  of  the  tube,  in  the 
time  a body  would  fall  the  length  of  it,  as 
fhewn  above ; it’s  impetus  would  only  carry 
it  through  a 1'pace  as  long  as  the  tube,  in 
the  fame  time  that  it  would  fall  the  length 
of  it;  for  it  would  all  fall  with  the  medium 
of  the  velocity  of  a folid  body  in  falling 
that  length.  But  this  dcfetl  of  natural  mo- 
tion may  be  remedied,  by  forming  the  tube 
2 like 
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like  a trumpet,  and  of  the  proportion  of  fig. 
3d.  plate  1 . or  of  any  other  exceeding  it  in  it’s 
upper  parts ; — for  then  it  will  contain  fuch 
quantities  of  a fluid  in  it’s  different  propor- 
tionate heights,  as  are  equal  to  the  fpaces 
through  which  they  would  fall  by  their  natu- 
ral weight,  (making  up  in  bulk  what  is  want- 
ing in  length);  if  therefore,  there  were  a fup- 
ply  at  top,  by  a proportionate  defcent  of  the 
fluid  in  each  part  the  motion  would  be 
agreeable  to  the  defcent  of  a body  falling  by 
accelerated  motion;  for  as  much  would  de- 
fcend  by  it’s  fall  from  a to  b,  as  from  b to 
e,  or  c to  d,  &c.  which  are  the  natural  falls, 
and  the  fluid  would  have  no  tendency  to 
divide  in  the  tube.  In  this  cafe,  therefore,  the 
ifluing  of  a fluid  through  a hole  in  the  bot- 
tom of  the  veffel  would  be  with  a velocity 
equal  to  that  which  a heavy  body  would  ac- 
quire by  falling  through  a fpace  equal  to  the 
height  of  the  fluid,  and  which,  as  faid  before. 


is 


is  double  the  medium  of  velocity  it  had  in 
falling,  or  in  other  wordsrfufficient  indepen- 
dently to  carry  it  through  double  the  fpace 
it  had  fallen  in  the  fame  time. — This  reafon- 
ing  is  new,  (at  lcaft  to  myfelf,  not  having  met 
with  the  caufe  of  the  effefl  before  mentioned 
any  where  explained ;)  but  the  common  doc- 
rine  of  bodies  falling  in  open  fpace  is  accept- 
ed by  mofl  philofophers,  and  was  that  of  the 
excellent  Sir  Ifaac  Newton,  who  in  the 
procefs  of  his  invefligation,  lays  it  down  as 
a law  of  Nature,  “ That  the  comparative 
“ impetus  or  force  of  bodies  in  motion,  is,  as 
“ the  velocity  with  which  they  move  multi- 
“ plied  into  their  quantities  of  matter.” 

I fliould  have  thought  it  highly  alfuming 
in  me,  to  contradift  in  any  terms  fuch  great 
authority;  but  having  occafionally  had 
fome  cafes  to  inveltigate,  in  which  this  law 
was  concerned,  and  not  finding  it  to  fofve 
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in  a very  fatisfa&ory  way  the  doubts  I had 
to  determine,  and  Confidering  a blind  ad- 
herence to  any  doflrine,  without  a convic- 
tion of  the  juftnefs  of  it’s  principles,  as  a bar 
to  knowledge  and  difcovery,  I thought  it 
right  toexprefs  my  objeaions  to  that  doc- 
trine,  hoping,  that  it  may  be  the  means  of 
exciting  to  a further  inveftigation  fome 
perfon  better  able  to  purfue  it,  and  tend  to 
fettle  a fubjeft,  fo  worthy,  by  it’s  general 
concern,  the  attention  of  all. 

In  this  having  had  occafion  to  refer  to 
fome  books  which  I had  never  before  con- 
futed on  the  fubjeft,  I foon  difcovered  that 
the  opinion  which  I had  taken  up  (and 
which  was,  that  the  comparative  force  of 
bodies  in  motion  was  as  the  fquare  of  their 
velocity,  multiplied  into  the  quantities  of 
their  matter,)  was  not  new,  as  I had  conceiv- 
ed, but  had  been  hinted  by  Huygens,  and 

adopted 
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adopted  by  Leibnitz  and  his  followers ; who 
in  many  publications  had  fupported  their 
opinions  againfl  the  Newtonians,  with  ar- 
guments and  experiments  many  of  which 
I had  previoufly  conceived. — 

1 • 

Some  of  thefe  I confider  as  conclufive 
but,  as  they  are  in  print,  I fhall  not 
here  repeat  them  ; offering  only  fuch  as  ap- 
pear to  be  new,  and  are  convincing  to  me 
of  the  jullnefs  of  the  latter  do&rine,  at 
lead  till  other  arguments  are  prefented 
than  tliofe  which  I am  at  prefent  acquaint- 
ed with. — Preparatory  to  this,  the  following 
con fi derations  and  portions  are  neceffary, 
and  require  the  affent  of  the  reader. 
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SECT.  III. 


Oj  the  various  kinds  of  Forces,  and  their 
Ejfeds  on  Mechanical  Powers. 

LOWERS,  or  forces,  in  a mechanical 
* fenfe,  are  of  three  kinds,  under  two  dillintt 
heads ; firlt,  the  inactive,  refilling  power, 
or  vis  mortua , which  admits  of  no  variation, 
neither  can  have  any  thing  in  it  relative  to 
quantities  of  matter,  fpace,  time,  or  velo- 
city, (which  laft  is  a compound  of  the  two 
preceding  it)  for  Ihould  it  yield  to  the  force 
applied,  it’s  diftin£lion  alters. — Such  is  the 
refillence  which  a table,  wall.  See.  makes  to  any 
power,  or  thing  placed  on,  or  againll  them. 

i 

Second, 


( *3  ) 

Second,  That  kind  of  aftive  force,  or  vis 
viva,  which  arifeth  from  the  percuflion  or 
ftroke  of  any  body  in  motion,  (however 
that  motion  might  have  been  received) 
whofe  quantity  of  power  or  force  muft  be 
a certain  compound  of  its  quantity  of  mat- 
ter, and  quantity  of  velocity  at  the  time  of 
percuflion,  without  regard  to  the  fpace  it 
might  have  before  part  over,  for  that  can 
have  no  reference  to  a pojl  attion  ; thus, 
any  independent  body,  having  a certain 
degree  of  motion  once  given  it,  would  con- 
tinue to  move  equally  till  it  were  oppofed 
by  fome  other  body,  againft  which  it’s  aft- 
ion  would  be  equal,  in  whatever  point  of 
it’s  courfe  they  lhould  meet. 

Third,  That  other  kind  of  vis  viva  which 

is  produced  by  gravity  Or  otherwife,  on  two 
bodies  connedled  In  fome  machinery  to 
each  other,  and  is  compounded  equally  of 

quantity 
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quantity  and  fpace,  without  regard  to  time 

or  velocity. — Such  is  the  attion  of  matter 
yielding  to  gravity,  or  the  attraction  of  the 
earth,  and  conftantly  expending  itfelf  on 
Fome  oppofing  power;  in  which  cafe  it  is 
evident,  that  a certain  power  lies  in  a given 
quantity  of  matter,  in  refpeCt  to  a given 
perpendicular  diftance,  however  fall  or  flow 
that  power  be  ufed,  and  is  fubjeCt  to  a num- 
ber of  variations  by  the  ufe  of  mechanical 
powers ; thus,  if  I have  an  hundred  pounds 
weight  of  any  matter  to  lift  through  a foot 
of  fpace  in  a line  direCtly  contrary  to  the 
earth’s  attraction,  (or  upwards,)  I may  ef- 
feCt  it  by  the  lealt  pofiible  quantity  more 
than  an  hundred  pounds  weight,  moving  by 
the  aCtion  of  gravity  through  the  fpace  of 
one  foot  downwards,  either  by  means  of  an 
equal  balance,  by  a Ample  pulley,  or  by  a 
double  plane  of  any  equal  inclination. 

Ex : 


Ex:  In  the  double  inclined  place  E C F 
plate  2d.  fig.  id-  fuppofe  the  weight  A to 
be  one  hundred  pounds,  from  which  let  a 
line  be  carried  over  the  pulley  C and  fatt- 
ened to  B,  (a  weight  of  little  more  than  one 
hundred  pounds)  it  would,  (if  the  planes 
E C and  C F were  equal,)  raife  the  ball  A up 
the  inclined  plane,  jutt  as  much  as  B defend- 
ed, and  no  more,  which  fuppofe  to  be  a foot 
perpendicular  defeent,  A would  be  juft  fo 
much  railed,  and  the  fame  would  happen 
by  inverting  the  planes,  and  making  ufe  of 
two  pulleys  inftcad  of  one,  as  in  figure  2d. 

Or  it  may  be  effected  by  the  aflion  of 
little  more  than  fifty  pounds  through  two 
t defeent,  or  twenty  five  pounds  through 
four  feet  defeent  by  means  of  any  of  the 
mechanical  powers, — converting  the  equal 
balance  into  a lever,  the  fingle  pulley  into  a 


com 
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compound  fet,  or  the  equally  inclined  planes 
into  unequal  ones;  thofe  powers,  therefore 
which  are  made  up  of  matter  and  Jpace , 
fuch  as  one  hundred  pounds  raifed  one  foot, 
fifty  pounds  two  feet,  or  twenty-five  four 
feet,  (whether  this  be  an  hour,  a day,  or 
month  in  the  operation,  or  whether  the  mo- 
tion or  velocity  be  fwift  or  flow)  are  a 
balance  to  each  other,  and  may  be  confid- 
ered  as  equal,  and  exprefling  the  fame 
power. 
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SECTION  IV. 


Of  the  Application  oj  the  preceding  Covfider- 
ations  to  prove  the  Lribnitzian  Doctrine  oj 
the  Percujfion  oj  Bodies  in  Motion. 

TlIESE  premifes  being  allowed,  (and  I 
think  they  are  incontrovertible)  it  will  be 
no  difficult  matter  to  prove,  that  the  com- 
parative force,  momentum,  impetus,  or  po- 
wers of  equal  bodies  in  motion,  are  as  to  the 
effeft  of  their  percujfion,  as  the  fquare  of 
their  velocities,  and  Confequently  that  the 
lame  powers  of  bodies  of  unequal  weight, 
are  as  the  /quart  of  their  velocities  multi- 
plied into  their  refpetlive  weights,  or  quan- 
tities of  matter.— For  it  is  a generally  well 

^ known 


known  and  acknowledged  fa&,  that  a pen- 
dulum, (fuch  as  is  ufed  in  clocks,)  railed 
to  any  given  height,  and  let  fwing  freely, 
(fome  fmall  allowance  being  made  for  the 
refillence  of  the  medium  in  which  it  vi- 
brates and  the  friftion  of  it’s  axis,)  will  rife 
by  the  power  gained  in  it’s  fall,  to  the  fame 
height  on  the  other  fide  of  the  perpendicu- 
lar, then  return  back  to  it's  firft  place,  and 
continue  to  make  equal  vibrations  ad  infini- 
tum.— So  would  it  happen  to  a ponderous 
ball,  (the  fame  allowances  being  made  for 
frifclion,  See.)  if  it  were  let  run  down  fuch 
a double  inclined  plane,  as  fig.  2.  plate  2. 
for  inllance  fuppofe  from  B ; the  power 
it  would  acquire  by  the  defeent  to  E.  F. 
would  be  fufficient  to  raife  it  an  equal 
height  on  the  oppofite  plane,  to  which  it’s 
dire&ion  would  be  diverted,  provided  it  be 
contrived  by  curvating  the  angle  at  E F, 
to  make  that  diverfion  gradual  and  free 

from 
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from  fhock ; and  this  would  happen 
in  the  fame  manner  let  the  ball  run  from 
whatever  part  of  the  inclined  plane  it  may  ; 
correfponding  exa&ly  with  the  afrion  on 
the  inclined  plane,  confidered  as  a balance 
when  the. figure  was  before  treated  ol.  It 
cannot  be  obje&ed  to  this  reafoning,  that 
the  ball’s  afeending  on  one  plane,  by  it’s 
defeent  on  the  other  from  an  equal  height, 
affords  not  a fair  argument,  as  the  power 
is  not  communicated  to  a fecond  body  ; for 
whatever  power  exifts  in  any  body  may 
be  communicated  in  equal  degree,  pro- 
vided that  by  the  contrivance  or  mode  of 
communication  none  of  that  power  be 
loft  and  although  no  fuch  contrivance  or 
mode  can  be  found  out,  yet  fuch  defers 
never  make  part  of  calculations  of  this 
fort.  Nor  can  it  be  fairly  objected,  that  the 
railing  a body  in  motion  is  not  equal  to 
the  raifing  an  equal  body  deprived  of  it 
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to  the  fame  height ; for  in  this  cafe  we 
are  confidering  the  effed  of  that  motion, 
which  is  the  raifing  the  ball,  and  without 
which  it  would  not  be  raifed  ; — the  height 
therefore  to  which  it  is  raifed,  exprelfes 
die  power,  as  in  other  mechanical  opera- 
tions before  hated. 

We  may  here  juft  mention  that  bodies 
perfeflly  elaftic,  falling  on  folid  bodies, 
and  water  fpouting  upwards  from  a hole 
in  the  fide  of  a veftel,  will  both  rife  to 
the  height  of  their  fources  of  atftion. 

If  we  now  take  a retrofpefl;  of  fig.  1. 
plate  1.  and  the  explanation  of  it,  we  fhall 
there  fee,  that  the  comparative,  a6tual,  *' 
and  independent  velocity  of  a falling  body, 
is  not  as  the  height,  or  diftance  through 
which  the  body  falls,  but  as  the  fquarc 
root  of  that  diftance,  as  marked  in  the  laft 
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column; — therefore  prefuming  it  is  {hewn 
above,  that  the  powers  of  equal  bodies 
are  as  the  heights  from  which  they  fall, 
thofe  powers  mud  be  as  the  fquares  of 
thofe  velocities,  which  are  as  :the  heights. 
— And  the  further  to  confirm  the  preceding 
do&rine,  I will  endeavour  to  fhew  in  it’s 
true  light  the  chief  argument  which  has 
been  advanced  againft  it,  and,  which  con- 
founding the  two  diflinft  powers  before- 
mentioned,  is  founded  on  the  following  prin- 
ciple ; — that  if  to  a lever  two  unequal 
weights  be  applied,  at  fuch  difiances  from 
the  fulcrum  or  center  of  fufpenfion  as  that 
they  fhall  balance  each  other,  fuch  as  4 
pounds  at  1 foot  difiance,  balanced  by  1 
pound  at  4 feet  from  the  fulcrum,  they 
will  not  only  be  in  equilibrio  to  each  other 
when  they  are  at  reft,  but  alfo  when  put 
in  vertical  motion,  which  it  has  been  faid 
could  not  happen  if  the  fquare  of  the  velo- 
city 
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city  meafured  the  force.  For  in  the  lever 
fig.  3.  pi.  2,  if  the  weight  Aof  1 pound  be  put 
in  motion  downwards  to  C,  it  will  raife  the 
weight  B of  4 pounds  to  D — Now  as  the 
fquare  of  1 (the  velocity  ofB)  is  1,  which 
multiplied  by  4 (the  quantity  of  matter)  is 
4 ; — and  as  the  velocity  of  A is  4,  whofe 
fquare  is  16, — it  fhould  therefore  feem,  that 
according  to  the  new  doftrine  thefe  num- 
bers exprefs  the  comparative  powers  of 
each  when  in  motion,  and  that  therefore 
that  of  A,  would  overcome  that  of  B,  and 
inftead  of  vibrating  as  it  is  found  to  do, 
would  increafe  in  velocity  till  it  reached 
the  lowed  point  which  the  length  of  the 
lever  would  permit:  but  this  reafoning 
gives  way  when  we  confider  that  no  mo- 
tion can  take  place  in  A,  without  it’s  afting 
and  expending  it’s  power  at  the  fame  infant 
on  B,  therefore  no  free  motion  through 
any  quantity  of  fpace,  or  percuffion,  can 

polfibly 
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poflibly  happen ; in  which  cafe  no  velocity 
can  be  eftimated  in  the  calculation  of  the 
power  or  effort,  for  the  fame  reafon — If  I 
have  a ball  of  matter  of  any  given  weight, 

i 

(4  pounds  for  inftance,)  whofe  power  in 
it’s  defcent  through  49  feet  of  fpace,  I can 
make  ufe  of,  and  I fuffer  it  to  fall  through 
the  whole,  it’s  power  by  percullion  at  the 
end  of  it’s  fall  may  be  eftimated  as  the 
fquare  of  7,  (it’s  velocity,)  multiplied  into 
4,  (it’s  weight  or  quantity  of  matter,)  which 
is  196. — Now,  if  inllead  of  making  ufe  of 
the  percuftion  acquired  by  it’s  going  through 
the  whole  fall,  I take  it  at  twice  ; — as  firft, 
it’s  percuftion  or  force  when  fallen  through 
25  feet  it  will  then  have  acquired  a compa- 
rative velocity  equal  to  5,  whofe  fquare 
25,  multiplied  by  4 the  weight,  is 
100;  and  by  the  fame  reckoning,  it  will 
by  running  through  the  remaining  24  feet 
acquire  a momentum  equal  to  96,  which 

together 


together  is  as  the  firft  force  gained  by 
the  whole  fall.  And  fuch  will  be  the  re- 
fult,  if  we  calculate  the  perculfion  or  force 
of  the  fall  through  each  foot  of  the  fpace, 
feparately; — for  the  fquare  of  i,  is  1,  and 
multiplied  by  4,  is  4,  and  this  on  each  of 
the  49  feet  makes  together  196,  as  before. 
What  is  mod;  obfervable  in  this,  is,  that  in 
calculating  the  perculfion  or  force  of  the 
body  in  the  fall  of  49  ft.  taken  together, 
the  fquare  of  the  velocity  is  49 ; but  as 
the  diftances  of  the  feparate  falls  decreafe, 
notwithftanding  the  effect  produced  on  the 
whole  of  the  falls  be  equal,  yet  the  velo- 
city has  lefs  and  Iefs  proportion  in  the  cal- 
culation, till  it  comes  to  that  point  in 
which  there  is  no  difference  between  the 
aftion  of  the  power  and  effeft,  (as  to  time 
and  fpace  ;)  as  is  the  cafe  with  the  lever 
or  ballance,  and  being  a power  of  the  third 
fort  here  enumerated,  in  which  velocity 

and 


( *5  ) 

and  perculfion  are  quite  out  of  the  quef- 
tion  ; therefore,  although  this  do&rine  be 
not  confirmed  by  the  a&ion  of  weights  fo 
fufpended,  yet  that  is  by  no  means  an  ar- 
gument againft  it. 

It  may  not  perhaps  be  deemed  fuperflu- 
ous  juft  to  remark,  that,  as  the  compara- 
tive powers  of  bodies  in  motion  are  as  the 
fquare  of  their  velocities,  fo  are  the  com- 
parative velocities  of  a body,  (as  obtained 
from  any  powers,)  as  the  fquare  root  of 
the  powers.  This  indeed  ftands  or  falls 
with  the  preceding  dodrine,  for  it's  beft 

proof  depends  on  the  fame  argument. 

And  what  teft  have  we  of  the  degree  of 
power  or  force  in  any  body,  but  the  quan- 
tity of  work  it  will  do,  before  it’s  power 
be  expended  P therefore  whatever  power 
will  raife  a certain  weight  of  matter  4 feet 
mull  certainly  be  4 times  as  great  as  that, 

£ which 
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which  can  raife  the  fame  but  1 foot.  Now  it 
has  been  (hewn,  that  a body  falling  through  1 
foot  of  fpace,  will  raife  an  equal  weight  1 foot 
and  a body  falling  through  4 feet  will  raife  an 
equal  weight  4 feet  and  fo  on  ; confequently, 
their  powers  or  forces  are  as  the  diltances 
fallen  through  ; but  as  is  above  faid,  their 
velocities  will  be  but  as  the  fquare  root  of 
thefe  powers,  the  firft  being  1 and  the  lat- 
ter 2,  and  the  fame  rule  obtains  in  every 
diltance*. 

* I am  aware  that  much  has  been  written,  to  {hew, 
that  the  time  required  to  expend  the  power  contained  in 
any  independent  body  in  motion,  by  it’s  percuflion  or 
impulfe  on  another,  varies  according  to  the  degree  of  it’s 
velocity,  and  therefore  that  this  difference  of  time  fhould 
be  taken  into  the  account  of  it’s  aftion  or  power ; but 
waving  the  very  intricate  difcufiion  and  experiments 
which  have  been  offered  on  the  fubjeft,  the  queftion 
may  be  reduced  to  the  following  fimple  one;— Will  any 
two  independent  non-elaflic  bodies  meeting  in  contrary 
dire&ions,  and  having  quantities  of  matter  and  velocities, 
which  by  the  above  rules  conftitute  equal  percufTion  of 
impetus,  inftantly  deprive  each  other  of  motion  or  not  ? 
I have  no  opportunity  of  making  the  experiment  as  it 
ought  to  be  tried,  but  have  little  doubt  of  it’s  lucccf§ 
in  proying  the  above  doftrine. 
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if  this  be  clear  to  the  convittion  of  the 
reader,  he  will  have  caufe  to  admire  the 
unity  and  fimplicity  of  the  laws  of  'nature 
and  their  operations ; as,  if  it  were  other- 
wife  than  I have  dated,  there  would  be  in 
effett,  a diverfity  unaccountable,  and  with- 
out caufe  ; for  what  reafon  can  be  affigned, 
why  a body,  falling  through  one  mealure 
of  fpace,  (without  a&ing  on- any  thing  in 
it’s  fall,  jfb  as  to  expend  it’s  power,)  Ihould 
not  double  that  power  by  falling  through 
two  fuch  meafures,  jull,  as  a body  of  dou- 
ble the  weight  of  another,  has  double  the 
power  by  falling  through  the  fame  height. 
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SECTION  V. 


Of  Water  on  overfiot  Wheels . 

jBeFORE  we  apply  this  reafoning  to 
the  power  of  a fluid  fpouting  through  a 
hole  in  the  fide  of  a veffel,  or  rather  to  it’s 
re-a&ion  on  that  veffel,  let  us  confider  the 
cffe6l  of  waters  on  overfhot  wheels  ; and 
in  thefe,  we  (hall  find  the  power  in  exa£i 
proportion  to  their  fize,  or  the  height  of  the 
water’s  aftion. — For  inflance,  if  I have  a 
ftream  of  water,  which  will  afford  a con- 
ftant  lofs  of  1 gallon  per  fecond,  and  have 
alfo  a fufficient  fall  to  allow  it  to  pafs  over 
a wheel  of  14  feet  diameter,  which  is  equal 
to  44  feet  in  circumference,  and  if  there  be 
a bucket  capable  of  containing  a gallon. 
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in  each  foot,  and  the  wheel  revolves  in  44 
feconds ; coufequently  if  the  buckets  are 
contrived  to  difcharge  themfelves  as  they 
arrive  at  the  lower  part,  and  are  gradually 
filled  at  the  top  of  the  wheel,  the  expcnce 
of  the  water  will  be  according  to  the  above 
allowance  of  1 gal.  per  fecond,  and  there 
will  be  22  gals,  conilantly  a&ing  by  their 
weight  on  one  fide  of  the  wheel,  and  none 
on  the  other  ; but,  as  the  perpendicular 
bearing  of  the  weight  of  each  bucket  will 
be  at  different  diftances  from  the  perpendi- 
cular of  the  wheel’s  center,  it  will  be  ne- 
ceffary  to  delineate  fuch  a wheel,  in  order 
to  make  it’s  action  clear  to  the  undemand- 
ing as  we  proceed. 

Let  A B C D,  fig.  1.  plate  3.  repre- 
fent  fuch  a wheel  having  44  buckets, 
each  containing  1 gal.  of  water,  and  fo 
contrived,  that  there  fhall  be  no  vacant 
fpace  between  them,  and  that  they  (hall  not 

difcharge 
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difcharge  themfelves,  till  they  arrive  at  the? 
bottom  of  the  wheel,  or  near  it ; then  it 
will  be  found,  that  the  aggregate  a&ion  of 
thebuckets  will  be  as  centeredon  the  point  E* 
and  will  therefore  be  a balance  to  two  thirds 
the  weight  of  the  22  gallons  if  fufpended  at  B, 
(which  is  1 andan  half  the  diflance  of  E from 
the  center  of  the  wheel  ;)  this  weight  there- 
fore, which  I fuppofe  to  be  132  pounds,  it 
would  nearly  raife,  at  the  rate  of  one  ft* 
per  fecond.— Now  fuppofe  the  wheel  to  be 
double  the  fize,  as  fig.  2.  it  will  then  con- 
tain 88  buckets  on  it’s  circumference,  or  44 
gals,  a&ing  by  the  weight  on  the  point  E, 
and  would  fupport  2-thirds  of  the  weight  of 
44  gals,  fufpended  at  B,  which  is  equal  to 
264,  double  132  pounds.)  If  each  wheel 
therefore  revolves  at  the  rate  of  1 ft.  circum- 
ference per  fecond,  (which  it  muft  do  to 
keep  the  expence  of  water  equal)  the 
power  of  fuch  wheels  mull  evidently  be 
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in  ex  aft  proportion  to  their  fize,~ or  in 
other  words,  the  power  of  defcending  wa- 
jgj-  [jy  it’s  application  to  fuch  wheels,  is  m 
exafct  proportion  to  it  s defcent,  the  expence 
remaining  equal, 


SEC- 
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SECTION  VI. 


4 • . - 

Of  the  Re-affiion  of  Spouting  Fluids . 

"W" E come  now  to  treat  of  the  effort  or 
power  produced  by  the  preffure  of  a con- 
tinued body  of  fluid,  contained  in  one 
vefl'el ; in  which  is  concerned,  that  certain 
and  evident  law  in  hydroftatics  ; “ that  on 
equal  furfaces  the  quantity  of  fuch  preffures 
is  in  geometrical  proportion  to  the  height 
of  the  fuperincumbent  fluid,  without,  re- 
gard to  the  fize  of  the  containing  veffel,” 
“ and  alfo,”  that  (on  account  of  the  yield- 
ing property  of  fuch  as  are  pretty  perfect, 
occafioning  a re-aftion  from  one  fide  or 
part  of  the  veffel  to  it’s  oppofite,)  the  pref- 
fures are  equal  in  every  dire61ion.' Thus, 

•'  ' if 
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if  a veflel  10  inches  deep  be  full  of  water,  the 
prelfure  on  every  fquare  inchof  the  bottom, 
will  be  equal  to  the  weight  of  10  cubic  inches 
of  water,  and  on  every  fquare  inch  of  the 
Tides  will  be  equal  to  the  weight  ol  as  many 
cubic  inches  of  water  as  are  perpendicularly 
above  it;  the  direction  of  which  prelfure 
will  be  at  right  angles  to  the  part  on  which 
it  afts  : — So  in  a vefTcl  10  feet  fquare,  and 
20  deep,  full  of  water,  there  will  be  the 
weight  of  20  cubic  feet  of  water  on  every 
fquare  foot  of  it's  bottom ; and  on  each 
fquare  foot  of  its  fide,  w’hofe  center  fhall  be 
16  feet  fromthe  topof  the  fluid,  there  willbe 
the  weight  of  16  cubic  feet  of  water,  prelfing 
in  a lateral  dire6tion  againfl:  it. — If,  there- 
fore, a hole  of  a foot  fquare  be  made  at  this 
depth,  and  fome  independent  body  be  put 
againfl  it  to  hinder  the  water  from  running 
out,  there  will  be  the  preffure  of  16  cubic 
feet  of  water  prefTing  more  on  the  oppofite 
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fide  than  on  this ; and  if  the  veflel  be  put 
afloat,  or  in  any  fituation  free  to  move, 
it  will  require  the  ailion  of  fuch  weight  to 
keep  it  from  motion  ; if  this  prefented  body 
be  removed,  the  water  will  iflue  with  a ve- 
locity equal  to  that  which  a body  would 
acquire  by  falling  from  the  height  of  18  feet 
which  we  will  call  8 feet  per  fecond ; now 
as  the  veflel  is  fo  large  in  proportion  to  the 
quantity  of  water  running  off,  and  we  fup- 
pofe  it  by  fome  fupply  kept  conftantly  full, 
the  prefliire  on  the  foot  oppofite  will  not  be 
much  diflurbedor  leffened;  if  therefore  the 
veflel  were  to  move  in  the  direttion  of  the 
fuperabundant  preflure,  and  with  the  whole 
velocity  of  the  ifluing  water,  all  the  power 
of  fo  much  ifluing  water  will  be  expended 
on  the  veflel,  and  it  will  raife  a weight  of  1 6 
cubic  feet  of  water  through  8 feet  of  fpace, 
which  is  equal  to  the  expence  and  height 
of  the  fluid.— If  this  hole  be  {hut,  and  the 

veflel 
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veflel  remaining  in  the  like  circumllances, 
a hole  of  the  fame  fize  be  opened  in  the 
fide,  whofe  center  fhall  be  1 foot  below  the 
furface  of  the  fluid,  it  will  in  the  fame  pro- 
portion run  2 feet  per  fecond,  and  there  will 
be  a fuperabundant  preflure  on  the  oppofite 
fide,  equal  to  the  weight  of  l cubic  foot  of 
water ; if  then,  as  before,  the  motion  of 
the  liquid  be  fuppofed  to  expend  itfelf  on 
the  veflel,  it  will  move  it  8 feet  in  the  time 
that  fo  much  is  run  out  as  above  flated;  and 
will  raife,  by  the  contrivance  of  a pulley, 
the  weight  of  l fquare  foot  of  water  through 
8 feet  of  fpace  ; which  is  one  16th  of  the 
effect  of  that  ifluing  from  the  lower  hole, 
and  is  in  exaft  proportion  to  the  height. 

It  is  true  the  motion  of  the  veflel  would 
not  be  as  here  fuppofed,  but  that  part  of 
the  power  or  motion  of  the  ifluing  water, 
which  was  not  expended  on  the  veflel, 
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would  be  retained  by  it,  and  might  be 
ufed  on  any  other  body  oppofed  to  it’s  mo- 
tion. And  if  the  veffel  were  kept  flationary, 
the  power  of  the  iffuing  water  would  remain 
entire  in  itfelf,  and  would  (leaving  the  wafte 
of  power  by  the  dafhing  of  the  water  out 
of  the  calculation)  be  fuch,  as  any  other 
body  in  motion  would  have,  agreeably  to 
the  law  we  have  fupported,  viz.  As  the 
fquare  of  it’s  velocity  multiplied  into  the 
quantity  of  it’s  matter,  which  is  in  geome- 
trical proportion  to  it’s  height. — For,  if  we 
eflimate  it’s  velocity  from  the  upper  hole 
as  1,  and  quantity  1, — the  power  would 
be  1. — If  from  the  lower  hole  as  4,  the 
fquare  of  4 is  16,  for  every  quantity  equal 
to  the  above,  which  is  1. — It  is  alfo  evi- 
dent, that  4 times  more  would  iffue  from 
the  lower  hole  than  from  the  upper  hole  in 
the  Jame  time ; but  then  it’s  work  will  be 
4 times  more  than  it's  proportion  in  the 

fame 


fame  time,  and  we  are  not  to  meafure  work 
by  time,  but  by  the  qnantity  done,  or  ex- 
pence of  power  applied  to  it:— For  the  fame 
reafon,  if  I have  3 hundred  weight  of  mat- 
ter to  lift  through  1 ft.  of  fpace,  and  have 
three  men  to  effeft  it,  each  of  whofe  flrength 
is  equal  to  lift  1 hundred  weight  through 
that  fpace,  I may  accomplifh  it  either  by 
their  joint  effort  on  a fingle  pulley,  or  their 
alternate  efforts  by  means  of  a three-fold 
pulley  ■,  and  although  the  latter  means  will 
be  three  times  as  long  in  aflion  as  the  fir  ft, 
yet  the  power  expended,  and  the  effeft 
produced  muff  be  allowed  to  be  the  fame 
in  both  cafes  ; — and  arguments  before  urged 
tend  to  prove  the  fame  thing. 

A fimilar  reafoning  holds,  if  inflead  of 
the  large  veffel  mentioned  above,  a regular 
fmall  tube  with  a refervoit  at  the  top  were 
ufed  ; for  although  in  this  cafe  the  water 
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would  not  iflue  From  a hole  near  the  bot- 
tom, but  with  half  the  velocity  a£iual  to 
the  prelfure  of  fuch  a height,  (for  reafons 
before  given  ;)  yet  the  relative  and  compa- 
rative a£lion  of  the  water  iffuing,  would  be 
in  proportion  to  the  fquare  of  it’s  natural 
velocity  and  expence,  or  to  it’s  height  and 

expence,  which  keeps  the  fame  proportion  ; 

% 

and  this  is  demonftrable,  whether  we  found 
the  confideration  of  it  on  that  certain  law, 
that  aftion  and  re-aftion  are  equal,  and  in 
contrary  dire6iions,  or  trace  the  mere  ac- 
tion of  the  column  of  fluid  prefling  on  the 
part  immediately  oppofite  to  the  aperture 
of  the  fame  fize,  and  the  motion  of  the 
ifl'uing  water,  for  they  are  dependent  on 
each  other. 

Thus,  if  fuch  a tube  as  A,  B,  fig.  4. 
pi.  2,  one  inch  fquare  in  cavity,  and  50 
inches  long,  contained  water  to  the  height 
of  49  inches  from  B,  the  prelfure  on  a 

fquare 
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fquare  inch  about  that  point  would  be 
equal  to  the  weight  of  49  cubic  inches  of 
water,  and  the  prelTure  on  the  fquare  inch 
oppolite  to  it  would  be  (from  their  mutual 
aftion)  the  fame  ; therefore  the  tube  would 
have  no  more  tendency  to  move  one  way 
than  another  ; but  if  a hole  of  1 inch  fquare 
be  opened  at  B,  the  prelTure  would  be  taken 
off  from  that  fide ; — and  if  the  veffel  were 
large  enough,  to  fuffer  the  water  to  run  off 
with  it’s  natural  velocity  from  the  aperture, 
it  would  alfo  continue  to  prefs  with  it’s  na- 
tural weight  on  the  fquare  inch  oppolite, 
and  aft  as  in  the  former  mentioned  veffel ; 
but  as  that  is  not  the  cafe,  whatever  prelTure 
be  deftroyed,  and  becomes  wanting  to  force 
the  water  out  at  B,  muff  alfo  be  wanting  to 
prefs  towards  C ; — if  then  we  fuppofe  each 
ol  thefe  to  be  but  half  it’s  natural  weight, 
it  will  be  juft  as  il  the  column  were  divided, 
and  a weight,  equal  to  that  ol  49  cubic  inches 

of 


a 
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of  water,  were  requifite  to  keep  the  ba- 
lance againft  the  re-a£tion  of  that  lffuing 
at  B,  which  inflead  of  running  off  with  the 
velocity  of  f (the  fquare  root  of  49,)  would 
do  fo  but  with  the  fquare  root  of  24  and 
an  half  which  is  a trifle  lefs  than  4^,  the 
power  in  the  a£lion  and  re-aftion  of  which 
quantity  is  but  as  24  and  an  half,  whereas  if 
the  vefl'el  were  large  it  would  be  as  49. 
The  power  or  quantity  of  work  this  will  do 
will  therefore  be  as  the  expence  and  fall  of 
water  in  the  overfhot  wheel,  and  all  other 
cafes. 


SEC- 
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SECTION  VII. 


Of  Barker* s Mill. 

THIS,  therefore,  determines  the  power 
of  Barkers  mill,  a contrivance  intended  to 
direct  the  re-aftion  of  fpouting  water  to 
the  purpofe  of  grinding  corn  or  other 
work,  and  which  is  recommended  for  it's 
fimplicity,  and  fmall  degree  of  fri&ion, 
(having  no  wheels,)  but  turning  on  an  up- 
right  fpitidle,  palling  through  an  ereft  and 
crofs  tube  ; as  in  the  fig.  [pi.  4.  fig.  1.]  the 
tubes  A,  B,  and  C D receiving  water  from 
a refervoir  ; at  the  extremity  of  each  arm, 
and  on  oppofite  fides,  holes  are  opened,  and 
by  the  re-aflion  of  the  water  fpouting 

G through 
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through  them,  the  whole  continues  to  re- 
volve, turning  a millftone  fixed  to  the  fpin- 
dle  at  E. 

If  this  machine  be  prevented  from  turn- 
ing, the  power  of  the  water  iffuing  from 
the  holes  will  be,  as  before  (hewn,  a com- 
pound equal  to  the  height  and  expence  of 
the  water,  juft  as  in  overfhot  wheels  * ; but 

* The  philofophical  reader  will  be  here  {truck  with 
the  appearance  of  an  acceffion  of  power  to  this  machine, 
by  the  aftion  of  the  centrifugal  force,  co-operating  with 
the  weight  or  preflurc  of  the  water  in  the  upright  tube, 
by  which  the  work  effe£led  feems  to  increafc  beyond  the 
quantity  of  the  power  applied,  but  the  fallacy  of  this 
appearance  will  be  feen,  on  rccollcfting,  that  this  machine 
is  no  other  than  an  inverted  centrifugal  pump,  and  as  in 
that  machine,  the  refi (fence  to  the  power  applied  to 
work  it,  proceeds  from  new  matter  conftantly  arifing  to 
be  put  in  circular  motion,  which  is  in  cxa£f  proportion 
to  the  water  raifed  and  the  height  it  is  raifed  to — fo  in 
this  the  diminution  of  the  power  of  the  machine  by  frclh 
matter  falling  into  the  crofs  tubes  to  be  put  in  circular 
motion  is  in  exa£l  proportion  to  the  feeming  incrcafe  of 
power  by  the  centrifugal  force  acquired : therefore  although 
the  work  done  by  the  machine  be  increafed  by  the  cen- 
trifugal force  afting  on  the  water,  yet  the  cxpence  of 
power  keeps  exa£f  pace  with  it. 


for 
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I 

for  their  aftion  to  be  equally  great  on  this 
machine,  it  is  necefiary,  that  the  whole 
motion  of  the  ifluing  water  be  expended 
on  it,  which  cannot  well  be  done,  but  by 
receiving  it's  aftion  on  fome  moveable  body, 
which  will  communicate  it  to  the  former, 
and  that  may  be  effe&ed  by  applying  a 
recipient  horizontal  wheel,  and  connecting 
it  to  the  crofs  tube  by  a vertical  wheel. — 
This  it  mud  be  allowed,  complicates  the 
whole  to  fuch  a degree,  that  it  leaves  it  no 
other  preference  to  the  overfhot  method, 
but  that  a wheel  (or  circle  formed  by  the 
revolution  of  the  crofs  arms,)  of  a mo- 
derate or  even  fmall  lize  will  do  the  fame 
work,  as  a larger  one  at  an  equal  expence 
ol  water,  as  to  quantity  and  fall.  For  in 
the  former,  if  the  w’ater  a6ls  by  it’s  weight 
only,  it  is  certain,  that  the  wheel  mull  be 
equal  in  diameter  to  the  fall  of  the  water  ; 
but  in  the  latter  cafe,  the  aClion  does  not 

G 2 depend 


depend  on  the  length  of  the  crofs  arms,  but 
on  the  height  of  the  upright  tube,  or  rather 
that  of  the  water  contained  in  it,  and  even 
this  part  may  be  improved  by  conne&ing 
the  pipe,  which  brings  the  water  for  it’s  fup- 
ply  to  the  upright  tube,  by  a water-tight 
joint,  guarded  by  a leather  flam,  as  in  the 
pi.  4.  fig.  2.  which  alfo  reprefents  the  before 
mentioned  addition,  intended  to  communi- 
cate the  whole  aftion  of  the  ilfuing  water  to  the 
performing  the  work  of  the  machine ; — but 
that  this  may  compleat  the  whole  intention, 
it  will  be  neceffary,  for  boards  to  be  fo  fitted 
within  the  trough  of  the  recipient  wheel, 
that,  by  the  aftion  of  the  water,  they  may 
rile  and  obftruft  the  current,  which  might 
otherwife  take  place  round  it,  and  thereby 
wafte  part  of  the  power.  No  fuch  contri- 
vance as  this  laft  is  neceffary,  to  prevent 
the  lofs  of  power,  by  the  yielding  of  over- 
(hot  wheels  to  the  impulfe  of  the  defend- 
ing 
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ing  fluid,  for  they  are  in  themfelves  admi- 
rably  adapted  to  avoid  fuch  lofs,  which 
will  appear  if  we  confider  the  different  mo- 
tions as  to  perpendicular  fall,  of  the  water 
contained  in  each  bucket,  whilft  the  wheel 
revolves. 


De/tri  pi  ion  of fig.  1,  plate  4. 

ABC  D — The  frame  of  the  Machine. 

H V The  23? T TbJ*’  i Correfponding  to  thofe  of  fig.  «. 

K L The  recipient  wheel,  which,  by  the  aflion  of  the 

water  ifiuing  from  tlte  crofa  tube,  is  turned  (in  a 
diredion  cuntraiy  to  it)  round  the  Spindle  S,  on  w hich 
it  is  fupported  by  a Nut  tinder  the  Block  R,  being 
kept  in  its  horizontal  pefition  by  working  round  the 
Spindle  by  a Collar  in  the  centre  of  the  Wheel  M. 

MNO  Wheels,  which  conned  the  crofs  Tube  and  recipi- 
ent Wheel,  fo  as  to  rcfolve  their  adion  to  the  fame 
eft  eft,  the  axis  of  the  Wheel  N being  fixed  to  the 
Spindle  S. 

P The  upright  Spindle,  which  parting  down  through  the 

upright  tube  and  turning  on  the  head  of  that  round 
which  the  recipient  wheel  turns,  revolves  with  the 
Machine  and  works  the  Stones. 

Q^,  A clofe  Pipe,  which  brings  the  water  to  the  Machine, 

and  ending  in  the  Box  E,  is  there  conneded  w ith  the 
upright  Tube  by  an  iron  Collar,  guarded  by  a leather 
Flam,  which  hinders  the  water  from  efcaping,  but 
through  the  Tube. 


SEC 
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SECTION  VIII. 


Of  the  due  proportion  of  Refijlance,  applica- 
ble to  a Machine  worked  by  the  third 
kind  of  Power,  or  Percufion,  in  order  to 
caufe  it  to  effett  the  mofl  Work. 

BUT  leaving  at  prefent  the  confideration 
of  this  particular,  it  will  be  proper  to  in- 
veftigate,  and  form  our  judgment  on  a doc- 
trine generally  received,  which  is,  that  in 
order  for  any  power  to  produce  the  greateft 
effect  in  a given  time,  by  it’s  application  to 
any  given  machinery,  it  is  necelfary  that 
it  fhould  move  the  part  on  which  it  afts, 
with  one  certain  degree  of  it’s  own  inde- 
pendent motion. 


Thus 
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Thus  far  mud  be  true,  for  if  either  the 
machinery  remained  unmoved,  or  had  a 
velocity  equal  to  the  power,  that  power 
could  effeft  no  work  by  it ; the  due  propor- 
tionate difference  mufl  therefore  lie  between 
thofe  extremes  ; and  that  difference,  it  is 
alledged,  fhould  be  juft  double  in  the  power 
of  what  would  be  a balance  to  the  weight, 
or  work  done  ; or  in  other  words,  a machine 
fhould  never  be  loaden  with  more  or  lefs 
weight  or  oppofition  to  the  power,  than 
juft  half  of  that,  which  would  be  an  eqnal 
balance  to  it. — And  the  reafon  which  has 
led  to  this  pofition,  is  ; that  under  thefe 
circumftances  any  power  (unlimited  in  it’s 
duration,)  will  effect  that  portion  of  work 
in  the  fhorteft  time  ; and  this  fo  far  as  it 
is  confined  to  fuch  particular  circumftances, 
agrees  with  the  theory  laid  down  in  the  pre- 
ceding ages,  as  will  be  clearly  explained 
in  the  diagram,  Plate  5,  in  which  A B is 

intende'd 


intended  to  reprefent  a lever,  (or  rather 
wheel  and  axle  in  peritrechio,)  having 
wheels  imagined  at  each  divifion  of  the 
lever,  whereby  to  fufpend  the  weight  C,  to 
reprefent  the  power  afting  on  A,  the  raifing 
which  reprefents  the  work  effetted,  and  as 
their  weights  are  equal,  the  firfl  being  hung 
on  at  C,  will  be  juft  a balance  to  the 
latter. 

As  it  has  been  fhewn,  that  when  a body 
falls  from  any  height,  it’s  ftrokes  or  per- 
cuftion  are  in  fimple  proportion  to  the 
heights,  and  it’s  velocities  as  the  fquare 
root  of  the  heights,  fo,  if  fuch  a body  be 
attached  to  any  machinery,  &c.  whereby 
part  of  it’s  power  in  the  fall  may  be  ex- 
pended, the  difference  between  the  power 
exerted,  and  that  expended,  will  remain 
in  the  body„  and  it’s  average  velocity 
throughout  will  be  confequentlv  as  the 

fquare 
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fquare  root  of  that  difference. — Suppofe 

therefore  the  weight  at  A were  to  be  raifed, 

# 

no  motion  could  take  place ; but  if  it  be 
moved  one  divifion  further  from  the  center, 
(and  no  fri&ion  fuppofed,)  it  would  then 
defeend  to  F 101,  in  which  time  it  would 
raife  the  weight  A too;  the  difference  be- 
tween them,  therefore,  reprefents  the  com- 
parative difference  between  the  power  ex- 
pended, and  the  work  effe&ed,  which  is  1, 
whofe  fquare  root  1,  is  the  velocity  with 
"Inch  it  would  move,  compared  to  that  it 
would  acquire  by  being  placed  further  on- 
wards ; which  fuppofe  to  be  at  125  ; — that 
number  is  the  diftance  to  which  it  muft 
fall,  to  raife  the  weight  to  100. — The  fquare 
root  of  the  difference  being  5,  is  therefore 
the  velocity  of  the  weight  of  falling  from 
this  part,  and  fo  on  as  exprefTed  by  the 
figures  in  the  diagram. 


H 
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This  being  the  cafe,  if  the  diftanccs 
through  which  the  power  muft  defcend, 
(to  bring  the  lever  into  the  direction  D E 
as  before,)  be  divided  by  the  comparative 
velocities  from  each  place  of  fufpenfion,  the 
produ&s  will  be  the  comparative  times  in 
which  the  fame  weight  will  raife  the  weight 
A as  required,  and  this  time  will  invariably 
be  found  to  be  lead,  when  that  power  is 
double  the  diftance  from  the  center  or  ful- 
crum of  the  lever  of  that  point  at  which 
it  would  balance  the  weight. 

Defcription  of  Plate  5. 

Plate  5 includes  three  diagrams  expreflTed  by  the  three  different 
kinds  of  lines,  viz.  full,  fhort  dots,  and  long  dots,  the  firft  being 
included  in  the  fecond,  and  both  in  the  third.  In  each,  the  fpaces 
above  their  refpcctivc  crofs-lines  fhew  the  difbnce  through  which 
the  power  (expreffed  by  the  Weight  C)  muft  fall,  before  as  much 
be  expended  as  is  equal  to  railing  the  Weight  A by  the  whole  fall 
of  the  lever.  The  length  of  the  feveral  lines  below  the  crofs- 
lines,  flievvs  therefore  the  excefs  by  which  the  average  velocities 
are  found  (by  extracting  the  Square  Root),  lhe  lengths  of 
the  feveral  lines  are  feleCted  to  anfwer  to  fuch  velocities  as  may 
be  expreffed  by  whole  Numbers. 


The 


The  times  of  falling  through  the  diftances 


as  expreffed  by  the  full  lines 

in  the  dia- 

gram,  Plate  5, 

will  be  according  to  the 

following  proportion  : 

t 

Diftances  to  fall  to" 
bring  the  lever  to 
the  angle  of  45  dcg._ 
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Nor  would  this  rule  vary, 

with 

the  altera- 

tions  of  proportion  between  the 

power  and 

weight,  or  the 

angle  to 

which  the  lever 

defcends ; for  if  a weight  of  one  quarter  of 
H 2 A were 
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A were  hung  on  at  400  it  would  balance, 
then  would  it  be  found  that  at  800,  (double 
according  to  the  rule,)  it  would  fall  to  the 
angle  of  45  degrees  in  the  fhorteft  time,  as 
follows : 
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or  if  it  had  to  fall  to  the  lower  angle  G H, 
or  any  other,  it  would  be  found  to  make 
no  difference  in  the  proper  point  of  fuf- 
penfion,  for  the  comparative  velocities  and 
diflances  would  be  as  marked  in  the  dotted 

lines 


lines  in  the  diagram,  which  will  {hew  that 
the  weight  will  fall  to  1584,  in  the  (horteft 
time  on  the  fame  line  as  before,  according 
to  the  following  fcheme. 
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Hence  it  appears  clear,  (without  the  ufe 
of  Algebra,)  that  under  all  circumflances, 
in  which  the  duration  or  continuance  of  the 
power  is  not  conlidercd,  fuch  as  that  of  a 
machine  worked  by  a wheel  limited  in  fize, 
receiving  water  without  percufhon,  and 
palling  through  an  indefinite  fall  or  power 
acting  by  gravity,  to  draw  a weight  up  an 
inclined  plane,  or  work  pulleys,  &c.  the 

greateft 
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greatefl  advantage  is  made  of  the  power 
when  the  machinery  on  which  it  ads 
is  laden  (by  work  and  fridion,)  with  no 
more  than  half  of  that  which  would  be  a 
balance  to  it.  But  to  extend  the  fame  law 
to  cafes  in  which  the  continuance  of  the 
power  is  limited,  and  of  which  every  ad- 
vantage might  be  taken,  fuch  as  any  certain 
quantity  of  water  in  a refervoir,  ading  by 
it’s  defcent  through  a limited  fall,  is  ufing 
that  power  to  great  wafle,  and  fuffers  fuch 
water  to  run  off' with  a confiderable  part  of 
the  power  it  acquired  in  the  fall.  For  if  the 
fall  of  the  weight  from  401,  were  limited 
to  the  line  I K,  and  it  were  to  be  hung  on 
the  wheel,  fuppofedto  be  on  the  lever,  at  800, 
it  would  fall  with  a velocity  twice  as  great 
as  if  it  were  hung  at  500  ; but  if  it  were  dis- 
charged at  the  line  I K,  another  power 
equal  to  it  muff  at  the  fame  inftant  take  it’s 

place  at  800,  fo  as  to  bring  the  lever  to  the 

line 


line  E.  In  the  fame  time  that  this  would  be 
effe&ed  an  equal  weight  at  500  would  have 
reached  the  dotted  line  ; therefore,  although 
at  800,  twice  the  quantity  of  power  would 
have  been  expended,  yet  at  500,  it  would 
have  wanted  but  one-fifth  of  eflfefting  the 
fame  work  in  equal  time,  and,  by  various 
applications  of  machinery'  this  work  might 
be  varied  in  infinitum,  by  an  exchange  ol 
quantity  of  work,  for  velocity  or  quickncfs 
of  time,  and  vice  vcrfa. 

If  we  apply  this  do&rine  to  overfliot 
wheels,  receiving  water  from  a refervoir 
circumftanced  as  above,  we  fhall  find  that 
the  flower  the  wheel  goes,  fo  as  it  be  fait 
enough  to  keep  on  its  motion,  the  more  work 
will  be  done  at  the  fame  ex  pence  of  power. 
Experience  it  is  true,  oppofes  itfelf  in  fome 
meafure  to  this  do&rine,  but  I think  the  ap- 
parent contradiction  between  theory  and 

practice 


( 56) 


prattice  may  be  fatisfaflorily  accounted  for, 
not  only  by  the  fri&ion  of  the  machine 
making  a confiderable  difference  in  favour 
of  the  ufual  method  but  alfo  on  the  follow- 
ing principle. 


SEC- 
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SECTION  IX. 


Of  Fly  Wheels,  and  their  Effeft  on  Ma- 
chines. 

In  all  machines  to  which  water  is  applied, 
the  work  intended  to  be  performed  by  it 
is  not  perfettly  regular  and  uniform,  and 
therefore  a Fly  Wheel,  or  fome  fubflitute  for 
it,  is  necefTary  to  regulate  the  motion  and 
prevent  a lloppage,  when  any  extraordinary 
obftacle  to  the  movement  occurs  in  the 
work. 

When  the  motion  is  very  flow  in  a water 
wheel  it  cannot  a 61  as  fuch  a fubflitute,  but 
if  it  has  conliderable  velocity  it  may.  The 

I power 
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power  loft  by  fiich  velocity  is,  therefore,  not 
fo  great  a difadvantage  as  the  lofs  of  the 
wheel’s  afrion  as  a regulator. 

Whether  then,  by  the  application  of  fuch 
a fly  that  office  might  be  taken  from  the 
wheel,  and  an  advantage  gained  by  it’s  be- 
ing made  to  move  flower  than  is  generally 
done,  is  certainly  worth  enquiry ; and  to 
proceed  in  it  we  muff  inveffigate  the  laws 
on  which  the  aflion  of  fuch  Fly  Wheels  de- 
pends, in  which  it  is  more  neceflary  to  be 
particular,  as  their  ufe  in  molt  kinds  of 
machinery  deferves  fuch  attention. 

As  aflion  and  re-aftion  are  equal,  and  in 
oppofite  directions,  and  it  being  impoflible 
that  an  effeft  can  be  greater  than  it's  caufe, 
therefore  a Fly  Wheel  can  only  regulate, 
not  increafe  the  power  of  any  machine ; it’s 

ufe  being  to  a£t  as  a refervoir  to  receive 

the 
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the  redundancy  of  the  power  applied,  when 
cither  by  a variation  in  it,  or  the  work,  the 
proportion  of  the  former  to  the  latter  lhali 
be  greatefl ; and  to  return  that  power 
when  it  bears  the  leal!  proportion  to  the 
work. 

It  has  been  before  (hewn,  that  the  power 
or  force  of  bodies  in  motion  by  their  per- 
cuflion,  is  as  the  fquare  of  their  velocities 
multiplied  into  their  quantities  of  matter; 
confequently,  that  the  velocities  of  bodies 
as  acquired  by  power  imprefied,  are  as  the 
fquare  root  of  the  powers  divided  by  the 
quantities  of  matter ; — if  then,  that  power 
be  derived  from  a body  in  accelerating  mo- 
tion (fuch  as  a Fly  Wheel  receiving  motion 
from  a falling  body,)  the  Fly  will  alfo  re- 
ceive an  accelerating  motion  in  fuch  pro- 
portion, but  it’s  degree  of  motion  at  the 
fame  diltance  of  falling  will  be  lefs. 

I 2 


Thus, 
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Thus,  fuppofe  one  pound  weight  of  mat- 
ter having  fallen  through  1 6 feet, the  velocity 
it  has  acquired  at  that  point  we  will  call 
4 ; the  fquare  of  which  multiplied  by  3,  the 
weight,  is  1 6,  which  expreffes  it’s  power  of 
percuflion.  Now,  if  a Fly  of  3 pounds 
weight  had  been  fo  attached  to  the  1 pound, 
that  it’s  motion  fhould  aft  with  it,  (without 
the  3 pounds  falling  at  all,  and  that  the 
motion  of  each  fhould  be  equal  to  the  other,) 
for  the  reafon  above  alfigned,  the  velocity 
of  the  4 pounds  could  be  but  as  2,  for  the 
fquare  of  2 is  4,  which  multiplied  by  4 the 
quantity  is  16  as  before  ; — at  100  feet  fall, 
the  velocity  of  the  fingle  pound  would  be 
as  10,  the  fquare  root  of  100. — Thus  do 
the  proportions  of  acceleration  continue 
the  fame,  at  the  different  diffances  of  fall; 
but  the  a6tual  proportion  of  motion  will  be 
lefs,  as  the  Fly  is  heavier  than  the  weight, 
which  occafions  the  power.  If  the  Fly  be 

fo 
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fo  conne&ed  with  the  power,  that  it’s  velo- 
city fliall  exceed  that  of  the  other,  then 
will  the  retardation  of  the  motion  of  the 
power  exceed  the  preceding  flatement  in 
proportion  to  the  fquare  of  the  excefs. 

Should  the  work  to  be  done  by  a machine 
be  perfe&ly  regular  and  uniform,  as  well 
as  the  power  applied,  no  advantage  can  be 
gained  by  the  application  of  a Fly  Wheel 
to  it ; for  the  ex  pence  of  power  in  commu- 
nicating motion  to  it,  mull:  be  as  great  at 
leaft  as  that  which  the  wheel  can  return  ; 
but  in  proportion  as  the  work  or  power  is 
fubje6t  to  variations,  fo  fhould  the  propor- 
tionate weight  of  the  Fly,  and  it’s  velocity 
be  greater  or  lefs,  it  will  therefore  be  diffi- 
cult to  fix  a general  ftandard  ; we  may 
however  conclude,  that  fuch  an  auxiliary 
power  fhould  never  be  greater  than  that 
which  would  juft  anfwer  the  purpofe  of  re- 
gulating 
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gulating  the  machinery,  as  it  mutt  be  at- 
tended with  fome  fri&ion,  (however  nicely 
fufpended ;)  which,  as  it  depends  much  on 
the  weight  (hould  therefore  be  as  little  as 
needs  be-,  befides,  that  the  heavier  the  Fly, 
the  greater  will  be  the  difficulty  of  (lopping 
the  machine  when  neceffary,  and  therefore 
the  greater  the  power  loft  in  that  operation. 


SEC. 
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SECTION  X. 


Of  the  Proportion  of  Refinance  proper  to 
be  applied  to  a Machine  worked  by  the 
fecond  kind  of  Power , or  Percujfion „ 

It  is  to  be  noted,  that  the  preceding  in- 
ve  (ligation  of  the  degree  of  motion  neceflarv 
to  be  obtained  in  a machine,  in  order  to 
work  it  to  the  greateft  advantage,  applies 
only  to  fuch  as  are  impelled  by  a power  of 
the  third  fort,  being  connected  with  the  ma- 
chinery from  the  beginning  of  it’s  motion — 
but  in  fuch  as  are  a&ed  on  by  percuflion, 
another  law  obtains,  which  we  will  therefore 
proceed  to  enquire  into,  after  recapitu- 
3 • lating 
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Iating  that  we  have  endeavoured  to  fhew, 
that  the  primary  and  obvious  modes  or 
qualities  of  independent  matter  in  motion 
are  three,  viz. 


Weight  or  quantity  of  matter. 
Velocity,  or  quantity  of  motion. 
Impetus  or  quantity  of  power. 

The  comparative  quantity  of  either  two 
of  thefe  in  two  bodies  being  given,  to 
find  a third  agreeably  to  the  preceding 
doftrine. 


Two  bodies  differing  "I  Their  comparative  Impetus  will  be 
only  in  quantities  of  > in  geometrical  proportion  to  their 
matter.  J weights  or  quantities  of  matter. 


Bodies  differing  only 
in  velocity  or  quan- 
tity of  motion. 


1 Their  comparative  Impetus  will  be 
4as  the  fquares  of  their  comparative 
velocities  in  whatever  numbers  ex- 
J preffed. 


")  Their  comparative  Impetus  will  be 
TT  , ; as  the  fquare  of  their  velocity’  multi- 

Hence  two  bo  ies  lpi;ec]  by  their  refpe&ivc  quantities  of 
differing  both  in  ve-  rmatter.  jib.  wjththe  velocity  of  iO, 
locity  and  weight,  j jg  eqUaj  t0  IOolb.  with  the  velocity 
j i lb.  &c.  &c. 


there- 
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Therefore  two  bo- 
dies whofe  impetus 
and  velocities  are 
known. 


' Their  comparative  quantities  of 
matter  are  found,  by  dividing  their 
impetus  by  the  fquarc  of  their  velo- 
J cities. 


r Their  comparative  velocities  are 
Two  bodies  w el  founj^  Jivjd;n£r  the  impetus  by 
impetus  an  quanti-  l quantities  ofmatter  refpeCtively, 
ties  of  matter  are  1 ancj  extracting  the  fquarc  roots, 
^n0VV1,»  J which  are  the  comparative  velocities. 


Hence  if  two  bodies' 
have  differsnt  quan- 
tities of  matter  and 
equal  impetus 


Their  comparative  velocities  will  be 
“as  the  fquarc  root  of  each  other’s 
quantity  of  matter  inverfely. 


If  two  bodies  have' 
th«  fame  quantities  of 
matter  and  different 
impetus 


Their  comparative  velocities  will  be 
as  the  fquare  root  of  their  impetus 
refpcftively. 


If  two  bodies  have)  Their  comparative  quantities  of  mat- 
different  velocities  >ter  will  be  as  the  fquare  of  each 
and  equal  impetus  ) others  velocities. 

If  two  bodies  have)  Their  comparative  quantities  of mat- 
the  fame  velocities  > ter  mull  be  as  their  impetus  rcfpec- 
and  different  impetus)  tively 

matter  velocity  inches 

1 *■  4-16 

4-4-64 

— -1, 

4*i*4 
4 - 4 - 64 
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It  is  evident  that  agreeably  to  thefe  data, 
if  an  independent  body,  having  a certain  de- 
gree of  velocity  overtake  and  ftrike  or  im- 
pinge on  another  independent  body,  mov- 
ing in  the  fame  direction,  but  with  lefs  de- 
gree of  velocity,  the  impetus  which  they 
jointly  polfefs  after  their  union  will  be  the 
fame  as  that  which  they  had  in  their  fepa- 
rate  ftates  of  motion ; therefore  to  find  the 
velocity  with  which  they  will  proceed  con- 
jointly— add  their  feparate  impetus  or  per- 
cuffions  together,  which  divide  by  their 
joint  weight,  and  from  the  produft  ex- 
trad  the  fquare  root,  it  will  be  their  joint 
velocity.  Thus,  a body  of  6,  with  the  ve- 
locity of  3,  overtaking  and  ftriking  a body 
of  4 with  the  velocity  of  1,  they  will  pro- 
ceed together  with  the  velocity  of  2,  402 
nearly  ; but  if  the  latter  body  be  fo  attached 
to  any  matter  in  motion  as  to  be  hindered 
from  moving  on  with  the  former,  the  im- 

pulfe 

4 • 
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pulfe  it  receives  will  be  as  the  fquare  of  the 
difference  of  velocities,  multiplied  by  the 
quantity  of  matter  fo  drtking;  which  there- 
fore leads  to  a determination  of  the  com- 
parative degree  of  motion  neceffary  to  a 
wheel,  or  other  lirft  movement  of  machinery 
oppofed  perpendicularly  to  a current  of 
water,  wind,  (or  other  matter  in  motion) 
for  it  to  have  the  greateft  effeft,  or  fo  as  to 
do  the  mofl  work.  For  fuppofe  the  line 


A C of  30,  to  reprefent  the  velocity  of  a 
dream,  of  which  A B of  10,  is  the  velocity 
of  a water  wheel  moved  thereby,  and  laden 
with  fo  much  refiflence  by  work  and  fric- 
tion as  fhall  hinder  it  from  partaking  of 
more  of  the  velocity  of  the  dream  ; now, 
as  the  parts  compofing  the  body  of  the  duid 
are  conne6led  together,  any  check  by  the 
relidence  of  the  wheel  on  the  parts  imme- 
diately touching  it,  will  occafion  thofe  be- 
hind to  att  on  them,  and  fo  on  to  an  inde- 
finite 
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finite  difiance ; it  will  not  therefore  be  ne- 
ceffary  to  take  the  quantity  (or  number  of 
parts  in  the  diredtion  of  the  current,)  into 
the  account  of  their  adlion,  as  it  would  be 
if  the  parts  were  unconnedled,  and  only 
fuch  a quantity  poflefling  a given  fpace, 
as  that  one  fhould  have  finilhed  it’s  effedl 
before  the  other  impinged. 

Therefore,  the  fquare  of  the  difference 

of  the  velocities  of  the  ff  ream  and  wheel  will 

reprefent  the  quantity  of  power  which  the 

latter  will  receive,  or  the  work  it  will  do, 

. * 

and  the  line  A B the  velocity  or  celerity  with 
which-  it  will  do  it ; and  it  will  be  found, 
that  this  proportion  is  the  moft  advantage- 
ous of  any  other,  as  is  proved  by  try- 
ing the  effedl:  of  that  proportion,  and  va- 
rying it  to  a meafure  on  either  fide,  thus 

Square  20  is  400  which  mult,  by  vel.  of  work  10  is  4000 
Now  Sq.  21  is  441  do.  do.  9 is  397* 

So  fq.  19  is  361  do*  d0*  Ilis39&9 

And 
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And  yet  lefs  would  it  be  found  by  trying 
any  further  proportion  ; it  therefore  follows 
from  this  pofition,  that  as  the  fquare  of  30 
is  900,  (the  whole  aftion  of  the  dream,) 
and  the  fquare  of  20  is  400,  (the  aftion  of 
the  flream  on  the  wheel,  when  in  motion 
as  above)  fuch  wheels  fhould  be  laden 
with  or  \ of  the  whole  power  of  the 
dream,  in  order  to  do  the  mod  work  to  the 
bed  advantage. 


SEC. 
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Of  the  Action  of  Fluids  in  Motion  on  Plane 
Surfaces  inclined  to  their  Currents. 

Having  thus  far  treated  of  the  direct 

aflion  of  fluids  in  motion,  or  bodies  whofe 
furfaces  are  oppofed  perpendicularly  to 
their  current,  it  remains  only  to  enquire 
into  their  lateral  effefls  on  thofe  bodies 
whofe  furfaces  decline  from  that  pofition, 
and  which  are  fo  confined  as  to  yield  only 
to  the  aftion,  in  a direftion  eroding  that  of 
the  dream  ; fuch  as  the  vanes  of  windmills, 
rudders  of  fhips,  &c. 


Much 
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Much  has  been  written  on  the  fubje£t  of 
thefe  machines,  to  prove  that  there  is  one 
certain  angle  of  pofition  between  the  cur- 
rent of  fluid,  and  the  inclined  furface  which 
gives  it  the  greatcfl  advantage  ; and  this  is 
generally  agreed  to  be  54  deg.  44  min. 
— Why  I cannot  aflent  to  this  opinion  will 
appear  from  the  following  invefligation,  in 
which  to  proceed  with  perfpicuity,  it  is 
neceflary  to  Amplify  the  action  and  effcft 

as  much  as  poflible. Now  it  has  been 

fhewn,  that  the  comparative  powers  of  fluids 
(like  thofe  of  other  bodies)  in  motion,  are 
in  their  perpendicular  effect,  on  equal  fur- 
faces  of  bodies  at  reft,  as  the  fquare  of 
their  velocities  ; and  fhould  the  extent  of 
their  furfaces  vary,  it  is  evident  that  they 
mufl  be  as  the  fquare  of  the  fluid’s  velocity, 
multiplied  by  the  furfaces  of  the  fuppofed 
bodies  ; — which  furfaces  reprefent  the  quan- 
tity of  fluid  acting  on  them. — Thus,  fhould 

a body 
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a body  at  reft,  prefent  a plain  furface  of 
2 fquare  feet  (or  288  inches;  to  a current, 
it  will  be  afted  on  by  a force  double  of  that 
by  which  a furface  would  which  meafured 
but  1 fquare  foot  (or  144  inches)  and  as  we 
are  now  only  enquiring  into  the  relative 
aftion  of  a current  of  the  fame  velocity  on 
different  inclined  planes  this  example  is 
fufRcient  to  our  purpofe. — To  underftand 
the  effefl  of  a power  applied  to  fuch  an 
inclined  plane  as  is  above  mentioned,  we 
may  be  aflifted  by  figure  3.  plate  3. 

Suppofe  the  line  A C,  to  reprefent  the 
inclination  of  a plane,  which  with  A B and 
B C form  a triangular  body  fo  placed  on 
fri&ion  wheels  as  to  prevent  it’s  moving  but 
in  a dire&ion  parallel  to  CBorB  C;  now, 
if  a weight  of  10  pounds  be  applied  at  A, 
and  confined  to  a perpendicular  a&ion  by 

a rod  paffing  between  rollers,  &c.  it’s 

effefl 


effect  to  move  the  triangle  C B will  be  equal 
to  10  pounds,  and  it  would  fuftain  a weight 
of  10  pounds  attached  to  a line  and  carried 
over  a pulley  in  the  oppofite  dire&ion,  be- 
caufe  the  bafe  and  fide  which  form  the  tri- 
angle are  equal ; but  if  the  line  of  inclina- 
tion be  carried  to  D,  and  A E and  E D form 
the  figure  as  before,  fo  as  to  make  A D 
double  of  A E,  the  weight  1 o pounds  would 
in  that  cafe  fupport  5 pounds  only,  and  fo 
on  in  the  fame  proportion  ; that  is  in  all 
cafes',  as  the  line  of  the  fide  of  the  triangle 
in  the  direftion  of  the  weight’s  aftion  is  to 
that  which  forms  it’s  bale,  fo  will  be  the 
weight  fuftained,  (which  reprefents  the  la- 
teral aftion  of  the  10  pounds  fo  confined 
as  above,)  to  10  pounds,  which  reprefents 
the  dirett  a&ion  of  the  power it  is 
therefore  evident,  that  the  lefs  the  angle 
made  by  the  inclined  plane  with  the  line 
A B is,  (being  the  dire&ion  of  the  perpen- 

L dicular 
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dicular  aCtion  of  the  weight,)  the  greater 
will  be  it’s  aCtion  on  the  plane  in  a lateral  di- 
rection ; and  as  the  aCtion  of  the  weight  may 
reprefent  the  aCtion  of  a column  of  fluid  of 
any  determinate  volume,  (provided  that  jluid 
were  not  liable  to  be  diverted  from  it's  courfe 
by  the  re-aElion  of  the  plane,)  we  may  fairly 
conclude  from  thence,  that  the  Iefs  inclined 
any  plane  be  when  prefented  to  fuch  a vo- 
lume, the  greater  power  would  the  fluid 
have  upon  it,  to  put  it  in  fome  degree  of 
motion  ; and  that,  in  proportion  as  is  the 
produCt  of  the  fide  of  the  triangle  divided 
by  the  bafe,  (which  reprefents  the  mecha- 
nical power  of  the  inclined  plane)  multi- 
plied by  the  bafe,  (which  alio  reprefents  the 
direction  of  the  volume  of  the  fluid  ;)  but 
it  is  obvious,  that  if  the  inclination  of  a de- 
termined furface  vary,  the  volume  of  the 
fluid  it  will  embrace  muft  alfo  vary  in 

the 
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the  following  proportion,  according  to  the 
angle  here  laid  down. 


o.  I bafe  of  triangle  fide  of  ditto. 
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1,000 

- 

9)950 

**•33 

- 

2,000 

- 

9>797 

17.27 

- 

3,000 

- 

9.540 

23 -35 

- 

4,000 

- 

9>'65 

30.00 

- 

5,000 

- 

8,66o 

36.52 

- 

6,oco 

- 

8,000 

45.00 

- 

7»°7* 

- 

7»o  7* 

44,26 

- 

7,000 

- 

7,140 

53-°8 

- 

8,000 

- 

6,oco 

64.09 

- 

9,000 

- 

4,360 

90.00 

- 

10,00 

m 

0,000 

For  as  the  bafe  is  the  divifionof  the  fide,  to 
find  the  power  of  the  plane,  and  alfo  the 
multiplier  of  the  product,  (as  reprefenting 
the  volume  of  the  fluid,)  the  power  of  ac- 
tion will  Rill  be  as  thz  fde  of  the  triangle, 
and  therefore  greatell,  the  lefs  the  angle 
which  the  inclined  plane  makes  with  the 

L 2 direction 
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dire&ion  of  the  current,  although  not  in 
the  degree  of  the  former  cafe ; but  this 
conclufion  (as  was  before  obferved)  is  un- 
der the  premife,  that  “ the  fluid  is  not  liable 
to  be  diverted  in  it’s  courfe  by  the  re-a£lion 
of  the  plane,”  as  is  the  cafe  with  the  weight  of 
lolb.  a6ting  as  above : — what  alteration  of 
effeft  takes  place  by  this  re-a6fion  therefore 
remains  to  be  confidered,  and  I believe  we 
(hall  find,  that  this  important  matter  is  fubjefl 
to  variation  according  to  the  circumflances 
attending  the  fluid,  which  is  the  moving 
power ; as  firft,  in  refpeft  to  the  elaflicity 
of  the  fluid  ; for  fhould  it  have  much  of  that 
property,  and  the  angle  of  the  inclined  plane 
on  which  it  ftrikes  be  very  acute,  it  will 
have  a greater  tendency  to  fly  off  with  more 
force,  and  therefore  lefs  of  it’s  power  will 
be  expended  on  the  plane  than  if  it  had  lefs 
of  it.  The  fame  inclination  therefore  can- 
not be  proper  for  air  and  water ; — fecondly, 

the 
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the  more  the  ading  power  be  perfect  as  a 
fluid,  the  more  eafily  will  it  admit  of  an 
alteration  in  the  diredion  of  it’s  courfe  by 
the  re-adion  of  the  plane ; and  thirdly,  if 
the  current  be  more  or  lefs  confined  againft 
the  plane  of  an  adjacent  body,  it  will  occa- 
fion  it  to  ad  with  more  or  lefs  of  the  difad- 
vantage  that  arifes  by  the  eafy  diverfion  of 
it’s  courfe. 

Thefe  confiderations,  I fear,  render  it 
impoflible  to  reduce  the  fubjed  of  the  ac- 
tion of  Fluids  in  general  when  in  motion, 
on  inclined  planes,  to  any  fixed  or  determi- 
nate rule  : and  were  it  otherwife,  it  is  ob- 
vious, that  the  adion  of  the  Fluid  as  before 
defined,  would  apply  only  to  the  effort  it 
would  exert  on  the  plane  before  it  began 
to  move,  when  no  quantity  of  time  can  be 
taken  into  the  calculation  of  it’s  effe6l  upon 
it ; but  it  is  clear,  (conlidering  the  inclined 

i plane 
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plane  as  a mechanical  power  oppofed  to  the 
current,)  that  if  the  angle  made  by  the 
plane  be  very  acute  with  the  direction  of 
the  current,  it  muft  not  only  be  fubjedl  to 
the  inconveniences  we  have  before  obferved* 
and  alfo  Ieften  exceedingly  the  volume  of 
current  it  embraces,  but  muft  of  it’s  remain- 
ing proportion  lofe  as  much  in  time  or 
fpace  as  it  gains  in  power. — On  the  other 
hand,  if  we  apply  it  to  the  rudder  of  a 
{hip,  and  it’s  angle  to  the  current  be 
brought  near  to  a perpendicular,  it  will 
much  impede  the  velocity  of  the  fhip  ; and 
if  to  the  fails  of  a windmill,  it  will  divert 
the  force  of  the  wind  applied  to  the  fails  too 
much  to  that  part  of  the  axis  which  hinders 
their  yielding  to  it’s  diredi  impulfe,  and 
thereby  occafton  the  greater  fridlion ; in 
both  cafes  counteradling  the  defired  elfedt. 


It 
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It  may  be  alfo  confidered,  that  when  the 
plane  be  laid,  either  very  near  or  very  re- 
mote from  the  direttion  of  the  current,  the 
lead  alteration  in  that  direction  may  reduce 
it  either  to  a parallel,  or  perpendicular  line 
to  it,  and  thereby  deftroy  the  whole  inten- 
tion.— Upon  the  whole  of  thefe  confidera- 
tions,  therefore,  I cannot  think  that  any 
precife  angle  is  determinable  as  polfeding 
the  greatefl  advantage  ; but  Ihould  fuppofe 
that  of  50  degrees  from  the  current  would 
be  found  as  advantageous  as  any,  making  al- 
lowances for  the  various  circumllances  at- 
tending the  power  as  before  mentioned  : 
perhaps  54  deg.  44  min.  may  be  as  near, 
but  the  objection  I make  to  it  arifes  not 
only  from  the  above  reafoning,  but  alfo 
from  the  appearance  of  falfe  premifcs  in 
determining  on  it. 


If 
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If  my  mode  of  confidering  it  be  juft, 
the  variation  of  the  angle  can  be  confidered 
only  in  the  fame  view  as  any  other  mecha- 
nical contrivance  prefented  to  a power,  and 
in  refpett  to  the  work  to  be  accomplifhed 
by  it,  fubject  to  the  fame  rule  as  was  laid 
down  in  the  preceding  feftion ; that  is,  if 
the  moving  force  and  the  power  of  the 
machinery  be  determined,  it  will  do  the 
fame  proportion  of  work  to  the  belt  advan- 
tage, as  a water-wheel  (confidered  as  a 
continued  lever)  was  there  faid  to  do ; 
which  is  equal  to  four-ninths  of  what  it 
would  fuftain,  (whether  the  lever  contained 
in  the  wheel  be  long  or  fhort,)  and  if  the 
work  and  moving  power  be  determined,  the 
angle  and  extent  of  the  inclined  furface 
expofed  to  the  moving  power  muft  be  regu- 
lated accordingly. 


SUP- 
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SUPPLEMENT. 


MANY  of  the  preceding  thoughts  were 
thrown  together,  with  a view  to  improve  in 
the  heft  manner  a mill  worked  by  a dream 
of  water,  the  power  of  which  was  in  a 
great  degree  wafted  ; and  having  fucceeded 
in  it  by  a mode,  which,  though  (imple,  ap- 
pears to  be  new,  I {hall  therefore  attempt 
a defcription  of  it,  as  it  may  not  be  altoge- 
ther ufelefs  to  fuch  as  have  any  concern 
with  machinery  under  the  like  circumftances. 

The  ftream  alluded  to  is  from  a con- 
ftant  fpring,  affording  about  400  cubic 
feet  of  water  per  diem,  iffuing  from  the 
fide  of  a hill,  which  falls  gradually  through 
48  perpendicular  feet  in  the  courfe  of  about 
50  yards. — At  this  diftance  was  a Corn  Mill, 
having  an  overfhot  wheel  of  23  feet  diame- 
ter;— from  this  fpring  therefore  to  the  crown 
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of  the  wheel  is  .25  feet  fall,  which  ran  to 
wade,  (except  the  a&ion  of  the  head  of  water 
in  a refervoir  juft  above  the  wheel,  of  about 
6 feet  when  full.) — Had  not  the  Mill  been 
already  built,  the  eretling  a wheel  equal  in 
diameter  to  fo  great  a fall,  and  the  incon- 
venience of  conne&ing  the  machinery  to 
it’s  fhaft  or  axis  at  fuch  a height,  would 
have  been  obllacles  too  great  to  have  per- 
mitted the  application  of  the  whole  fall  of 
the  dream  to  one  mill  in  the  common  way, 
and  the  reafonings  in  the  preceding  part  of 
this  treatife  determined  the  preference  in 
my  mind  to  the  principle  of  overfhot  wheels 
receiving  water  without  percudion.  I 
therefore  confidered  that  if  an  additional 
water-wheel,  equal  in  diameter  to  the  lofs 
;of  fall  were  ere6ted  on  the  fide  of  the  hill, 
.wholly  above  the  level  of  the  old  one,  and 
both  connefted  together,  the  fame  water 
might  turn  both,,  and  perform  (at  lead) 

\\  double 
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double  the  work  which  it  did  before : in 
confeqoence  I occafioned  a refervoir  to  be 


inade  nearer  the  fpring,  from  which  pipes 
of  lix  inches  and  an  half  bore  were  led  down 
the  hill  to  an  upright  tube  which  fo  deli- 
vered the  water  near  the  crown  ot  the  up- 
per wheel  as  to  turn  it  backwards. 


The  two  water-wheels  are  connected  by 
a chain  palled  round  grooved  wheels  fixed 
to  the  arms  of  each,  and  as  I conceived 
the  firfl  wheel  went  too  faff,  when  it  gave 
a proper  velocity  to  the  Hones,  the  upper 
chain-wheel  was  made  of  15  feet  diameter, 
and  the  under  but  of  10 — which  confe- 
quently  occafioned  the  fall  of  water  in  the 
buckets,  or  revolution  of  the  former,  to  be 
flower  than  the  latter. 


I had  the  fatisfa£lion  to  find  the  fuccels 
exceed  my  expe&ation,  as  inttead  of  dou- 
ble, 


( ) 

ble,  the  Mill  will  now  do  treble  the  work 
it  would  before  with  the  fame  quantity  of 
water,  which  is  accounted  for  by  the  fric- 
tion being  but  little  encreafed,  though  the 
power  of  the  Mill  be  more  than  doubled. 
The  figure  will  perhaps  give  a better  idea 
of  it  than  any  defcription  by  words  only. 


EXPLANATION. 

A,  the  tube  which  brings  the  water  from  the  refervoir  to 

B,  an  upright  tube,  open  on  the  top  to  fuffer  the  water  to 
rife  when  fuddenly  ftopt. 

C,  a horizontal  tube  which  conveys  the  water  to  the 
upper  wheel,  and  which  has  an  aperture  in  the  wider 
part  of  it’s  extremity,  being  opened  and  fhut  by  a Aiding 
hatch  conne&ed  to  an  upright  lever  which  turns  on  a 
fulcrum  at  D,  and  which  being  joined  to  a horizontal 
one  at  E,  and  that  leading  to  a fmall  lever  at  F,  the  hatch 
is  opened  and  fhut  by  a perfon  within  the  Mill-houfe. 

G and  H,  the  upper  and  under  wheel,  connefted  by  the 


two 
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two  grooved  chain-wheels  I and  K— the  chain  being 
1 1 3 feet  long  and  weighing  one  pound  to  a hx>t. 

L,  a double  grooved  roller  in  the  interfe&ion  of  the  uhaui, 
to  keep  it’s  parts  afunder  to  prevent  rubbing. 

M,  the  trunk  which  conveys  the  water  to  the  lowci 
wheel  after  it  has  pafled  the  upper  one. 


I [hall  conclude  this  treatife  with  the  fol- 
lowing defeription  of  a Machine,  which 
l have  lately  conftrutted,  for  a prefs  in 
the  procefs  of  Cyder  making,  but  which  is 
applicable  to  many  other  fimilar  opera- 
tions, and  is  more  fimple  and  lefs  liable  to 
injury  or  difficulty  of  repair  than  any  other 
which  has  fallen  under  my  obfervation ; 
the  power  is  alfo  very  great,  being  as  i 
to  1136  nearly,  and  capable  by  a trifling 
addition  of  any  other  proportion. 

A A Two  pieces  of  timber  21  feet  long,  12 
by  6 inches,  laid  fide  by  fide  at  the 
didance  of  12  inches,  and  fccured  in 

that 
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that  fituation  by  blocks  placed  between 
and  bolts  palling  through  them  ; this 
frame  forms  the  bed  of  the  machine. 

BB  Two  uprights  12  feet  long  6 by  8 
inches  morticed,  upon  them,  and  fe- 
cured  in  their  pofition  by  pins,  and 
iron  fquares. 

CC  Two  uprights  5 feet  long  6 by  jo 
inches,  morti  ed  near  the  end  of  the 
under  frame,  and  fecured  as  before. 

D a lever  17  feet  long,  12  by  13  inches, turn- 
ing on  a large  bolt  which  paffes  through 
the  fhort  uprights — alfo  through  iron 
ftraps,  which  fecure  them  to  the  bed  in- 
fide,  and  a flirrup  of  iron  which  paffes 
over  the  end  of  the  lever,  and  which 
makes  the  turning  point  in  the  line  of  it’s 
lower  fide  and  not  through  it’s  middle. 

O 


E a lever 


( «7  ) 

E a lever  20  feet  long,  6 by  8 inches  at  it’s 
largefl  part,  and  tapering  towards  the 
other  end : this  lever  turns  on  a bolt  in 

• • ■ » . Ji  .J  4.0 

the  uprights  BB.  , 

F 1,  2,  3,  4.  Four  pieces  of  oak  (which 
I call  needles  10  feet  long)  4 by  2* 
inches,  morticed  loofely  into  the  upper 
, lever,  and  hung  thereto  by  bolts,  fo  as  to 
1'wing  perpendicularly,  and  play  in  a long 
mortice  or  channel  cut  through  the  large 
lever  to  receive  them.  Thefe  needles 
have  inch-holes  pretty  cl<  fely  bored 
through  them  (in  a direction  crolhng  the 
machine,)  From  the  lower  ends,  as  far 
upwards  as  the  great  lever  will  reach, 
when  it  is  as  high  as  it  can  go. 

G a bed  to  receive  what  is  to  be  prefTed. 

FI  a frame  to  fupport  a winch  worked  by  a 

% 

handle  at  I. — At  the  end  of  the  fmall  lever 

♦ 

two  blocks  or  pulleys  are  fixed,  oneabove 

and 


and  the  other  below  it — a rope  of  about 
half  an  inch  diameter  is  then  faflened  to 
the  cieling,  (or  continuation  of  the  up- 
rights of  the  winch  frame  if  neceffary,)  at 
R ; then  rove  through  the  upper  block  on 
the  lever,  from  thence  palled  through  a 
block  at  L,  and  then  goes  with  four  turns 
round  the  winch,  from  whence  it  is  carried 
through  the  block  under  the  lever  and  faf- 
tens  to  the  machine  at  M ; by  this  means, 
if  the  winch  be  turned  one  way  it  raifes  the 
end  of  the  fmall  lever,  if  the  other  de- 

N 

prefles  it. 
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To  work  the  Machine. 

If  we  fuppofe  the  great  lever  bearing  on 
the  matter  to  be  prefled,  an  iron  pin  muft 
be  put  into  one  of  the  holes  in  the  needles 
above  the  great  lever,  and  when  the  fmall 

lever 
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lever  is  worked  as  far  as  it  will  go,  either  up- 
or  down,  another  bolt  is  to  be  put  into  the 
hole,  which  come-  neared  above  the  great 
lever  on  the  other  fide  of  the  uprights  BB. 
and  the  winch  then  turned  the  contrary 
way,  by  which  means  the  preffing  gees  on 
whether  the  fmall  lever  riles  or  falls  ; — be- 
fore the  refiftance  is  very  great,  the  needles 
farthed  from  the  fulcrum  of  the  fmall  lever 
are  ufed,  after  that  the  neared  are  em- 
ployed, which  doubles  the  power  of  the 
machine. 

In  raifing  the  great  lever  or  lowering  it 
to  its  bearing,  the  needles  mod  didant  from 
the  fulcrum  of  the  fmall  lever  are  ufed 
under  indead  of  over  it. 

As  the  rope  is  liable  to  dretcli  and  gp t 
flack  I pafs  it,  (after  taking  two  turns  on 
the  winch,  through  a pulley,  to  which  is  fuf- 

^ pended 


pended  a weight  of  half  a hundred,  and 
then  take  two  turns  more  before  it  is  car- 
ried through  the  other  block,  by  which 
means  the  flack  is  conflantly  gathered  in, 
and  the  weight  holds  on  without  increafing 
the  fri£tion,  as  by  hanging  under  the  winch 
it  countera£ls  the  preffure  upwards  on  it’s 
axis. 

The  dire£Hon  of  the  preffure  of  this 
Machine  is  not  perpendicularly  dowmwards, 
which  is  in  fome  cafes  an  inconvenience ; 
but  by  applying  a fharp  or  round  billet 
between  the  lever,  and  the  follower,  which 
preffes  immediately  on  the  fubjeft  of  the 
work,  it  is  in  a great  degree  obviated — and 
an  advantage  of  no  fmall  import  in  addition 
to  thofe  before  mentioned,  attending  this 
Prefs  above  mofl  others,  efpecially  wooden 
fcrews  of  the  common  kind,  is  the  elafticity 

of  the  levers  which  follow  the  preffure  aftei 

the 
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the  winch  is  flopt  from  working ; not  to 
mention  the  bevel  of  a wooden  (or  other  fuch) 
ferew  afling  as  a mechanical  power  to  in- 
c reale  fridion. 


FINIS. 


Alio,  published  by  the  fame  Author,  Price  1$. 
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ERRATA. 


In  advertifement  line  4,  for  io  read  to. 

Page  9 lines  7 and  8,  for  Die  rine  read  Doflrine. 

13  line  13,  for  Equally  read  Equably. 

34  line  7,  for  18  read  16. 

38  line  2,  for  aElual  vend  natural. 

40  line  4,  for  £ read  7. 

47  line  20,  for  ages  read  pages. 

48  line  2,  for  peritrechio  read  peritrochio. 

65  head  of  3d  column  of  figures,  for  inches  read  Impetus. 
75  head  of  id  column  of  figures,  for  01  read  Angle. 

86  line  9,  for  morti  ed  read  mirticed. 

Plate  2,  Fig  ill,  E F wanting. 


